Background
==========

Endodontically treated teeth often have insufficient remaining coronal structure to retain restorative materials and a post is often required to provide adequate retention for the core.

In recent years, fibre-reinforced composite posts have been proposed for the restoration of root filled teeth as an alternative to pre-fabricated posts or metal dowels \[[@b1-cm-91-458]\]. The main advantage of fibre posts is that their modulus of elasticity is close to dentin, reducing stress transmission to root canal walls and the risk of vertical fracture \[[@b2-cm-91-458]\].

In addition, endodontic procedures performed before the luting of posts may interfere with bonding to root canal walls \[[@b3-cm-91-458],[@b4-cm-91-458]\]. Several factors affecting the quality of adhesion at the dentine--cement--post interfaces include the post space preparation, presence and thickness of the endodontic smear layer, effect of different chemicals used such as root canal irrigants and/or endodontic filling materials which clearly modify dentin substrate.

The success of endodontic treatment is determined by elimination of endodontic infection. Although instrumentation procedures have improved over the years, none of the existing techniques or methods can completely clean the root canal system \[[@b5-cm-91-458]\]. Therefore, an intracanal medicament with profound antibacterial activity against most of the bacterial strains identified in root canal infections is required \[[@b6-cm-91-458],[@b7-cm-91-458]\]. Amongst them, calcium hydroxide (CH) mixed with an appropriate vehicle left in the root canal for several days or weeks, has been widely accepted in endodontic therapy \[[@b7-cm-91-458],[@b8-cm-91-458]\].

The removal of Calcium hydroxide from the root canal has been investigated using a wide range of products and techniques \[[@b9-cm-91-458],[@b10-cm-91-458],[@b11-cm-91-458],[@b12-cm-91-458],[@b13-cm-91-458],[@b14-cm-91-458]\]. The most frequently used method is instrumentation of the root canal using a master apical file (MAF) and copious irrigation with a combination of sodium hypochlorite (NaOCl) and 17% EDTA \[[@b10-cm-91-458]\].

Recently, QMix (Dentsply Tulsa Dental, Tulsa, OK, USA), a novel irrigant for smear layer removal with an adjunct antimicrobial agents, has been developed. It is composed of EDTA, CHX and a surfactant. Another recently introduced irrigant, MTAD, is a mixture of doxycycline, citric acid and Tween 80. Due to one of its constituent, i.e. citric acid, it has a high acidic capacity (pH=2) \[[@b15-cm-91-458]\]. This acidic property acts as an etchant agent that can efficiently remove the mineral contents of smear layer.

None of the previous studies have evaluated the effect of these irrigants when used for removal of intracanal dressing of Ca(OH)~2~/distilled water.

Therefore, the purpose of the study was to analyze the effect of NaOCl/EDTA, MTAD and QMIX used for removal of calcium hydroxide on the push out bond strength of fiber posts to root canal dentine.

Aims and objectives
===================

The aim of the study was to analyse the effect of endodontic irrigants used for removal of calcium hydroxide on the push-out bond strength of fiber posts to root canal dentine.

Materials and methods
=====================

Selection of samples
--------------------

Forty human permanent single- rooted mandibular premolar with relatively straight roots and fully formed apices freshly extracted for orthodontic or periodontal reasons were used for the study.

Preparation of sample
---------------------

Access cavities were prepared by using Endo-access bur (Dentsply Maillefer), the teeth were then decoronated with a low-speed handpiece and diamond discs under water coolant to obtain a standardized length of 17 mm for all the roots. Working length of 16 mm was achieved for each tooth by subtracting 1mm from final dimension i.e. 17 mm. Biomechanical preparation was done using protaper rotary instruments till size F2.

All the samples were randomly divided into three experimental groups and one control group. The specimens in experimental group received an intracanal dressing of Ca(OH)~2~/distilled water for one week and were irrigated with respective irrigant for its removal while those in control group did not receive intracanal dressing of Ca(OH)~2~/distilled water and irrigated with distilled water.

All the canals were obturated using the single cone technique with size F2 ProTaper gutta-percha points and AH plus sealer. After storage for 24 hours, the root canals were prepared to ensure a standardized space for post insertion.

Surface treatment and cementation of post
-----------------------------------------

Forty Tenax fibre post having length 19 mm and diameter 1.1 mm were cleaned with 100% alcohol and coated with a silane coupling agent, which was applied with microbrush and air-dried.

Root canals were water rinsed and excess moisture was removed with absorbent paper points before the luting procedure. Then RelyX U200 cement was hand mixed for 10 seconds. Post was then inserted into the post space. Excess cement was removed and light cured for 40 seconds through the fiber post

After this all post-cemented roots were placed in 100% relative humidity at 37°C for 24 hours before testing. The roots were then transversally sectioned into three slices and push out bond strength was tested using Universal Testing Machine.

Statistical analysis
--------------------

The data obtained was subjected to statistical analysis using SPSS Version 15.0 statistical Analysis Software. One-way ANOVA test was applied to check the significant difference between the groups and Repeated measures ANOVA test to check the significance within the group. The Bonferroni post hoc test was used for analysis for comparison of means. P value of 0.05 has been considered as statistically significant level.

Results
=======

The mean push-out bond strength values for control group at cervical, middle and apical third were 10.17±0.53, 6.21±0.50 and 4.78±0.39 respectively, for the NaOCl/EDTA group were 15.84±0.46, 12.22±0.47 and 8.85±0.40, for the MTAD group were 20.39±0.43, 16.15±0.29 and 11.66±0.40, and for QMIX group were 20.98±0.73, 16.98±0.30 and 12.10±0.52 respectively ([Table I](#tI-cm-91-458){ref-type="table"}).

[Table I](#tI-cm-91-458){ref-type="table"}. showing the mean push-out bond strength values of all groups at different root third level.

All the groups showed lowest push-out bond strength values in the apical third followed by middle and the maximum in the cervical third region and the difference between them were statistically significant.

Qmix showed higher push-out bond strength values than Control and NaOCl/EDTA groups at all regions and the difference between them was statistically significant. Qmix also showed higher push-out bond strength values than MTAD group, but the difference between them was not statistically significant.

Discussion
==========

In accordance with the result of the study, null hypothesis was rejected as there was difference in the push-out bond strength of fibre post in Control group, NaOCL/EDTA group, MTAD group and Qmix group in different regions of the specimen.

Intergroup comparison revealed that Qmix showed higher push-out bond strength values than NaOCl/EDTA and Control group at all root regions, the difference between them were statistically significant. The highest bond strength in Qmix group could be attributed to its composition which enhances the demineralization of radicular dentine due to the chelating effect of EDTA and the presence of surfactant which lowers the surface tension and increases its wettability both of which in turn might have led to better removal of Ca(OH)~2~ from the root canal, which might have resulted in better removal of obturating material leaving no residues of Ca(OH) on the walls and resulting in high bond strength.

No previous studies have evaluated the efficacy of Qmix in removal of Ca(OH)~2~ dressing. However, many studies evaluating its efficacy in removal of smear layer have found it to be quite effective.

Tasman et al. (2000) \[[@b16-cm-91-458]\] have reported that EDTA solution in QMIX has a relatively low surface tension, which might improve the dentin wettability.

Eliot et al. (2013) \[[@b17-cm-91-458]\] have shown that QMix endodontic irrigant is an effective irrigant that can remove the smear layer, open the dentinal tubules for disinfection and simplify the irrigation protocol without compromising the bonding strength of glass fibre posts cemented with self-adhesive resin cement to root dentine.

Qmix showed a higher push-out bond strength values than MTAD group but was not statistically significant.

This could be due to their comparable efficacy in smear layer removal as reported by Dai et al \[[@b18-cm-91-458]\]. Intergroup comparison revealed that MTAD showed higher push-out bond strength values than NaOCl/EDTA and Control group at all root regions, the difference between them being statistically significant. The higher bond strength values could be due to the presence of doxycycline, citric acid and the detergent Tween 80. The detergent in MTAD lowers the surface tension and increases the dentin wettability \[[@b15-cm-91-458]\] while citric acid in MTAD, has high acidic capacity (PH≈2) which acts as an etchant agent that can effectively remove the mineral contents of smear layer \[[@b19-cm-91-458]\].

In the present study NaOCl/EDTA showed higher push-out bond strength values than control group at all root regions, the difference between them were statistically significant. This could be due to better removal of intracanal dressing of Ca(OH)~2~ in NaOCl/EDTA group as compared to control group.

Sodium hypochlorite acts upon organic components (mainly collagens) of the dentine and improves the penetration of monomers into the dentine structure \[[@b20-cm-91-458],[@b21-cm-91-458],[@b22-cm-91-458]\]. While EDTA demineralizes dentin, cleans canal walls well, improves the action of chemical substances and promotes closer contact of the filling material with the root dentine \[[@b21-cm-91-458],[@b22-cm-91-458],[@b23-cm-91-458],[@b24-cm-91-458]\].

Renovato et al. (2013) \[[@b25-cm-91-458]\] reported lower push-out bond strength in NaOCl/EDTA group which was used to remove the Ca(OH)~2~ dressing immediately from the root canal when compared to NaOCl group. The authors found that lower bond strength could be because of the fact EDTA acts on the inorganic components of the smear layer and decalcifies peritubular and intertubular dentine. It also binds covalently to metal ions and sequesters calcium ions present in the hydroxyapatite of dentine \[[@b24-cm-91-458]\].

Intragroup comparison in all the groups revealed that the lowest bond strength was observed in the apical third followed by middle and maximum in the cervical region and the difference between them was statistically significant. The results were in accordance with many previous reported studies.

The decrease in bond strength in the apical third may be explained by the presence of calcium hydroxide left in the root canal walls after medication, mainly in the apical third \[[@b10-cm-91-458],[@b26-cm-91-458]\].

Our study clearly demonstrates the superior bond strength of fibre glass post when calcium hydroxide removal was done using novel irrigants like QMIX and MTAD. Further studies are required to evaluate the amount of calcium hydroxide remaining in the root canal after irrigation with these irrigants.

Conclussion
===========

Within the limitation of the study it was found out that the push-out bond strength of fibre post to root canal dentin was highest in the QMIX group followed by MTAD and NaOCl/EDTA and the least was exhibited by the Control group.

###### 

Irrigation regiment

  Root Level   Distilled water   NaOCl/EDTA        MTAD               Qmix
  ------------ ----------------- ----------------- ------------------ ------------------
  CORONAL      10.17±0.53^Aa^    15.84±0.46^Bab^   20.39±0.43^Cabc^   20.98±0.73^Dabc^
  MIDDLE       6.21±0.50^Aa^     12.22±0.47^Bab^   16.15±0.29^Cabc^   16.98±0.30^Dabc^
  APICAL       4.78±0.39^Aa^     8.85±0.40^Bab^    11.66±0.40^Cabc^   12.10±0.52^Dabc^

Same superscripts in capital letters denotes significant difference across column while same superscripts in small letter denotes significant difference rows.
